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INTRODUCTION

A compreliensive knowledge of the development of a soil is
dependent on an understanding of the ehanges which the soil ininerals
undergo from the time they are exposed to weathering as part of
the parent rock until they are completely transformed into colloidal
material. Thus far in the quantitative study of the soil profile
attention has been directed chiefly to the accunulation of clay or
colloidal material at different depths and to changes in the gross
chemical composition of the soil material in the various horizons.
Changes in the individual mineral eonstituents have reeeived little
attention, especially those changes which take plaec in the deeper
parts of the profile below the laycr of elay aecumulation.

1t is reeognized that certain ininerals, sueh as hornblende, may
disappear relatively soon in the soil-forming process and that others,
sueh as quartz, persist in the upper soil horizons. Up to the present,
however, the comparative rates of disappearanee of the minerals have
not been studied 1n a quantitative manner. Very little is known in
regard to the formation of secondary minerals from decomposition of
the original minerals of the soil, cxeept what may be inferred from
reologic studies and from studies restricted to the eolloidal part of
the soil. Finally, the ehanges in eomposition which minerals may
undergo in the soil before they lose their identity have received little
attention.

This investigation is eoncerned only with the various changes that
take plaee in the mica group of soil minerals during soil development.
1t deals with the ehanges in chemical eomnposition that museovite
and biotite undergo before losing their charaeteristic appearance and
optical properties, with the nature of their alteration produets, and
with the rates at whieh they disappear in different soil profiles.
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REVIEW OF LITERATURE

Views regarding weathering of the mieas seem to be founded chiefly
on examinations of deeomposing rocks, on studies of the alteration
of wnica in deposits or in special formations, such as ehina clay, and
on the decomposition of niea under laboratory conditions. Com-
paratively few investigations deal directly with the weathering of
miea in soil. Although it is not to be expected, of course, that the
weathering of mica in the soil is necessarily comparable in nature or
extent to that obtaining under other conditions, one may reasonably
infer that the alterations which take plaee in ica under either
natural or artificial conditions are indicative of what may be expected
to take place in the soil.

The general opinion as to the alterability of white mica or musco-
vite is expressed by Clarke (3) '

Muscovite, under ordinary conditions, is one of the least alterable of mincrals.
The feldspar of a granite may be completely kaolinized, while the embedded
plates of mica retain their Drilliancy almost unchanged.

Concerning the nature of the alteration, Van Hise (/6) makes the
following statement:

One of the most frequent altcrations [of muscovite] is that of hydration, a
part of the potassium being replaced by hydrogen; or at the same tine it may
takc up other bases and thus the mineral may pass into vermiculite, a somcwhat
indefinite compound to whieh no formula can be assigned.

Blanck (1), after reviewing the opinions of others and in the light
of his own investigations on muscovite as a souree of potash for
plants, eones to the following eonclusions:

(1) Muscovite as well as biotite releases potash to plants, and both are as
well adapted for supplyving potash as potash feldspar.  (2) The release of potash
to plants by muscovite is in opposition to the prevailing opinion as to the eapacity
of this mineral to weather, pointing, as it does, to an actual weathering. This
appears to consist in removal of potash but with preservation of the external
physical properties of the mineral.

Finally Lacroix (12) in studies on the laterites of Guinea finds that
the weathering of muscovite under lateritic eonditions results in loss
of alkalies, particularly of potash, with a corresponding gain in water,
the end produet of weathering having essentially the eomposition of
kaolinite.

Hiekling (10), Galpin (7), and Selle (15) conclude from petro-
graphic studies on china clays that considerable of the kaolinite
present is derived from the alteration of secondary museovite, which
they consider to have been derived from the feldspars. China clays,
however, differ widely from soils in their nature and perhaps in their
origin. Consequently, such transformations can not be assumed to
hold for soils except in so far as they are borne out by a special inves-
tigation of mineral alteration under soil conditions.

Although considerable difference of opinion exists as to the alter-
ability of muscovite, tliere is general agreement that biotite is readily
altered. To quote Clarke (3):

Unlike muscovite, biotite and phlogopite alter casily, and pass into a series of
apparently indefinite substanecs known as ‘‘vermiculites.” The change, how-
ever, is very simple, and eonsists merely in the replacement of the alkaline metals

by hydrogen, with assgmption of additional, loosely combined water. From
the typical ferromagnesian mieas the following derivatives are thus formed:

From Aleg:KHSbOn ------------------- Al:Mgﬂlei;On.ZﬂhO.
From .‘\1.\[83]\”3813013 __________________ Al A\lg;H;Sf;On.:ﬂ{zO.

11talic -ﬂgures in parentheses ro(ér to th.eratur; cited, p. 32
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Zschimmer (18), proceeding on the ground that specifie gravity is
an index of degree of weathering, divided a mass of biotite into dif-
ferent fractions according to specific gravity and determined the
chemical composition of the fractions. His conclusions may be
summarized in the statement that alteration of biotite consists 1n an
exchange of constituents whereby K,0, Fe,0;, and FeO diminish in
favor of H;0, Al,O;, and MgO. The weathering products of biotite
are not, according to Zschimmer, identical with those derived from
the weathering of muscovite.

Glinka (9), studying the Dbiotite of southwest Russia, concluded
that the end product of the weathering of this mica under certain
conditions was a substance resembling kaolinite In comnposition.
The alteration process consisted i a loss of Fe,0;, I'eO, MgO, K,0,
and Ng,0 but a gain in H,O. Coincident with these ehemical
changes there was a diminution in specific gravity and a marked
change in color from black to dark gold, to silver, and finally to
white.

From a review of the literature on alteration of mica, one may con-
elude that muscovite, although mnot unalterable, is 1nuch more
resistant to change than biotite. The chemical nature of the altera-
tion process of both micas is held to be essentially a replaceinent of
potash by hydrogen. In the case of biotite, not only may potash
be lost but also magnesia and iron, although there is some difference
of opinion between Glinka and Zschiminer as to the loss of mag-
nesia. The former attributes Zschimmer’s failure to observe loss
of magnesia to the fact that he investigated only the early stages of
weathering.

With regard to the extent to which muscovite and biotite may
alter under general conditions of weathering and still retain the char-
acteristics which identify thein as mica, the literature is very indefi-
nite. Biotite, to judge from the work of Glinka, may alter but a
slight degree before it passes into a material whicli is no longer to
be considered mica. The muscovite particle, on the otlier hand,
apparently retains its external structure until it is transformed into
eolloidal material and kaolinite (12).

The problemn of the comparative rates at which muscovite and
biotite disappear has not been specifically iavestigated. Neverthe-
less, the general opinion seems to be that muscovite disappears much
less rapidly than biotite, presumably by reason of its greater resist-
ance to chemical change induced by weathering agencies.

Although few of the studies and observations that have been made
have dealt directly with soil nica, it is probable that the facts estab-
lished apply in some degree to the decomposition of mica under soil
eonditions. However, in view of the variable conditions of decom-
position in different soil types and in different horizons of the same
type, the facts that have been established may not be applicable to

all soils.
PLAN AND METHODS

In order to study the changes in chemical composition that musco-
vite and biotite undergo in the soil, samples of mica were isolated
from many soil horizons. These samples of practically pure mica were
analyzed, the proportions of muscovite and biotite determined petro-
graphically, and the compositions of the samples compared with those
of fresh muscovite and biotite. The rates at which the two micas
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disappear in the development of several soil profiles were studied by
estimating the quantities of mica present in various horizons.

The method employed for isolating mica from the soil depends on
the slow subsidence in water of mica particles as compared with the
subsidence of similar-sized particles of other 1ninerals. A separation
of the greater part of the total soil mica fron the other soil constituents
can thus be made by successive decantations of a soil dispersed in
water. The details of the process follow.

A 300 to 600 gram sample of soil was dispersed in 3 liters of water
by rubbing the soil lightly between the fingers. The suspension,
after a moment’s settling in a beaker, was decanted upon a 200-mesh
sieve. On the sieve were retained mica, particles of organic matter,
small colloidal aggregates, and small mineral particles, while the dis-
persed colloidal material, together with the finest mineral particles,
passed through the sieve and were discarded. The mass of soil in the
beaker was dispersed as before and the suspension decanted, the
process being repeated until the mica was practically removed from
the residue of other minerals.

In order to purify the mica from particles of organic natter and
minerals that were decanted with it, the contents of the sieve were
transferred to a large beaker, water was added, and the floating par-
ticles of organic matter were poured off as soon as the mica had
settled. The mica was then removed from the accompanying min-
erals by successive decantations as before. Mica samples prepared
from soils which contained but few fine mineral particles other than
mica were sufficiently pure at this point; but when the fine particles
were very numerous a further treatment was nccessary. 1n this latter
case the dried sample was transferred to a large porcelain dish, which
was rotated in such a way that the sample passed over the entire inner
surface of the dish. The mica flakes adhered closely to the dish, from
which they were removed with a camel’s-hair brush. Successive
rotations of the dish were made with removal of the adhering inica,
until the residue was practically free of mica. Microscopie examina-
tion of all the samples showed that mica isolated by this method was
practically free from other minerals.

The samples of mica isolated in this way contained practically all
the medium and coarse mica particles that werc in the so1l but none of
the mica of silt size, since all soil material passing through a 200-mesh
sieve was discarded in the procedure. However, in most cases the
samples comprised the greater part of the total soil mica.

In general the material identified as muscovite showed an optic
axial angle, 2V=35° to 44°: That identified as biotite showed an
angle 2V=0° to 24°. A few particles were encountered that had
an angle between 24° and 35°, but the quantity was inappreciable in
any one samnple. It is recognized that the measurement of the angles
of particles having very blurred interference figures is subject to
considerable error; but it is believed that errors in measurement were
not sufficiently great to confuse the identification of muscovite and
biotite because of the wide difference in their axial angles.

The microscopic examination of the guantities of muscovite and
biotite present in the samples was made by the usual petrographic
procedure, supplemented by the method for arcal counts described in
a previous publication (6).” However, the very large surface area of
the mica particle as compared to its volume suggested the possibility
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that the method of arcal eounts might not be aceurate when applied
to such material. Therefore it seemed advisable to check the method
by comparison with synthetic mixtures of known eomposition. For
this purpose muscovite and biotite were ground separately in a ball
mill to degrees of fineness corresponding to the sizes of sand and silt
particles. The powdered mica was then made up into four samples
containing mnuseovite and biotite in various proportions. Sample No.
2 was composed of material which did not pass a 200-mesh sieve, and
the other three samples were composed of niaterial that had passed
through the 200-mesh sieve. The results are given in Table 1.

TaBLE 1.— Microscopic estimation of muscovite and biotite in artificial mixtures

Muscovite Biotite
Mixture No T et |
- Esti- Esti-

mated | Fresent |y ateq | Present

Per cent | Per cent | Per cent | Per cent
D SR 47.5 50.0 52. 5 50.0
e et e mm e e e esessmtmmmm———m————e—. 35.6 33.3 64. 4 66.7
Bt e e et eeteeimmmmm——————————— 7.2 25.0 72.8 75.0
B e eea—————————eeeoan 70.4 75.0 29.6 25.0

The degree of accuracy attained, it is believed, is suflicient to render
the petrographic method applicable to the estimation of mica of sand
and silt sizes.

In all the samples of soil mica that were isolated there were present
to a greater or less extent particles which had the external appearance
and the refractive index of mica within allowable limnits of variation.
Since, however, the chief group characteristic, i. e., the interfcrence
figure, was lacking in these particles, the material eould not definitely
be identified as mica. In any given sample of soil mica all gradations
of distinctness in the interference figures were observed. Since all
the interference figures which could be recognized showed axial angles
which approximated those of muscovite and biotite, this faet suggests,
at least, that the material with indeterminate figures is more closely
related optically to the micas than to any other substances. There-
fore, in the identification of the minerals in the isolated samples this
material was provisionally elassed as mica.

The sodium carbonate fusion method, as described by Hillebrand
(11), for the analysis of silieate rocks was followed in analyzing the
samples. Combined water was estimmated by deducting from the loss
on ignition the organic matter, which was determined as CO, by the
dry-combustion method, using the factor 0.471.

DESCRIPTION OF SOILS

The samples of soil chosen for the isolation of miea represent the
important residual micaceous soils of the general region of the pied-
mont plateau. These soils have developed under generally similar
climatic conditions, but differences in weathering sufficient to cause
the development of series as diverse as the Cecil of the southern pied-
mont and the Manor and Chester of the northern piedmont are
representcd. However, wide differences in weathering conditions,
such as obtain between arid and humid soils, and many kinds of
parent material are not covered by these samples. It is therefore
possible that the eonclusions from this investigation may not apply
to all soils. Data coneerning these samples appear in Table 2.
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TABLE 2.— Description of soil samples

Pro- - .
file Soil type Depth 1:3;1 Description Parent rock Locatlon
NO.
Inches
I..... Porters loam.._.__ 0tod.___. A._.| Brownloam._...........| Goelss_.___. Rutherford
County, N. C.
14to43.__| Ba.. Relddlsh-brown frlable
clay.
48t060___| C_..| Reddish-hrown frlable
clay.
60to72...| Ci...| Gray dlsintegrated
goelss.
72t096.__ Cp.__ L|gm-m} partly dis-
integrated rock.
964+ . oo Bedrock _____._____.....
b T Cecll clay loam____| 8to24.___ By...| Redstiffclay........... Mleaschlst. Chambers
i County, Ala.
25t059...| Ci...| Llght-red frlable clay
loam.
60to 168__| Ci...| Reddish-yellow, frlable,
micaceous, partly de-
composed rock.
169t0240.| Ci___| Dlsintegrated rock._____
3..... Cecll clay loam.___| 6 to 40.___| B.._| Red, stiff, brittle clay.__| Gnelss_.._.. Rutbertford
N | County, N. O.
4010 60.__| Ba._. Yclllowish-red friable
clay.
60 to 84.__| Cy___| Reddish-yellow Eartly
decomposed rock.
3 B SN Ci...| Gray disintegrated rock .
... Cecllclay loam_.__| 0to5.....| A... Illl*ddlsh-hrown elay [co... doocaana. Do,
oam.
51036 ___| Bi.__| Red, stiff, hrittle clay.__
72t096...| Ci-_.| Brownish-red, frlable,
| | partly  decomposed
rock.
96to112._| Cy___ Oruy,sivrt,dlsinwgmted
rock.,
24 Cy..| Boftrock . ______........
8..... A___| Geaylsh-hrown loam..._| Gnelss....../| Buncombae
County, N. C,
B...| Yellow frlahlo clay_
364+ B...| Bedrock .
6..... Loulsa sandy clay | 30to40._.| B...| Red mlcaceous clay |-ceeceueenen.- Spartanhurg
loam. loam. County, 8, C.
Teeann Cecll fine sandy | 61 to 82... Bs...| Red frlahle clay loam _ . | Mlca scbist . Do.
loam.
1380158, Ci._.| Yellowish-brown partly
decornposed rock.
8..... Cecll sandy clay | ¥4 to4.___| A.__| Reddlsh-brown loamy |..... do....-..| De Kalb County,
loawm. fine sund. (a.
17t022...0 B... Ilerl rrlahle fine sandy
86t0108.. C) ... \ello“ Ish-red partly de-
1 composed roek.
150to 198 Cy...| Graylsh-brown dislnte-
grated rock.
9..... Madison sandy | 7to 18 .../ By Red, stlff, hrittle ciay.._| Quartzinlea | Lamar County,
loam. schist, QGa.
Madison gravelly | 18 to 30.__ B .| Light-red friahle, mlca-
saudy loain ceons clay.
\ladlwlx gm\el]y 304 ... ... C...| Purplish partly decom-
loatn. [ ; | posed rock.
10....| Georgeville slity | 6 to34____| By...| Deep-red slity clay..__.. Carollna | Northampton
clay loam. slate. County, N, C.
3Hto48. . By ! hght -red friahle sllty
|
431060... C..| lul‘[)lbh partl) decom- |
| i posed rock | |
11....{ Manor loam.. }st08.... A.._| Light- hrown mellow | Mleaschist Hgnifdord County,
oam. .
18to28._ B_._| Brownlsh-yellow friable
i clay loam
32to 50‘..l C...| Light-brown pnnly de-

composed rock
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TaABLE 2.— Description of soil samples—Continued

Pro- [ Horl-
It‘}le Soil type | Depth | zon Description Parent rock Locatlon
o.
Inches |
12....| Manorloam__._.__ 8tol5....) B___ YLl‘llowlsh-bmwn elay | Mica schist.| Distiict of Colum-
oam. ia,
Oraylsh-yellow partly
decomposed rock.
Bedroek. _..__________..
13....| Manor loam.__.. Light-brown mleaceous '_._._ do.......Montgomery
| loam. County, Md.
14_.__ Chester loam._._._ 12to 18___| B__.| Brown friable clay...... wmeea-do...._.! Arlington County,
| Va.
30 to 36.... Cy..| Yellowlsh-brown friable
micaceous clay loam.
Ci..| Yellow partly deeom-
posed rock.
15..__ Chesterloam._____ 184 ... C...| Yellowlsh-red frlable | Oneiss__.... Carroll  County,
micaceous loam. Md.
16.... Durham  sandy | 0t0o7--... A_..| Light-gray loose sandy | Oranlte De Kalh County,
loam. loam. gueiss. 8.
19 to 36...] B__.| Light, mottled, yellow-
ish-brown sandy clay
loam.
51to 73...] Ci.-| Mottled yellowish-red,
yellow,andgray partly
decomposed rock.
81 to102_] Cz_.| Very light-gray slightly
decoinposed rock.
103to 110
1104+___..
17....| Cecilelayloam._._. 10to42___} By..| Red(riableclayloam____| Granite_.__. Troup Couuty, Ga.
43t090___1 By..____ O ool
91to186-.| Cy_.| Reddlsh-ycllow friable
loam.
253t0 278 Cy_.j Light-gray, partly de-
composed rock.
18..._| Ceeilelayloam___ 40to65...] C;__| Pale-reddishclayloam..| Oneiss._.... Hall County, Ga,
65t0100_-| Ci__| Pinkish-brown deeom-
posed rock.
1504 Cy..| Orayish freshly decom-
| posed roek.
19....| Cecil sandy loam..| 151t0270_|___._. Light-gray disintegrated | Oranite__.__ Anderson County,
rock. 5. C.
20....| Appling sandy, 10t020___[ B, ..| Reddish-yellow, stifl, ] Greiss__.__. Lamar County,Qa.
loam, brittle clay.
20t040.__{ By __| Mottled reddish-yellow
and lightred, stiff,
brittle clay.
40to60.._| Cy..| Yellow, friable, partly
decomposed rock.
21....| Talladegaloam.__. 1to5___._ A_. .} Reddish-brown micace- | Mica sehist | Polk County, N.C.
ous loam.

With the exception of a few taken especially for this investigation,
the samples deseribed in Table 2 were selected from the collection of
profile samples of the Division of Soil Survey. Thanks are due W. E.
Hearn and M. Baldwin for the special samples. For certain phases
of this investigation it was sufficient to examine only one or two hori-
zons of a profile, but for study of the changes in mica that accompany
soil development three or more horizons of each profile were examined.
The profiles selected for obtaining data regarding the alteration and
loss of mica during soil development seemed well adapted for the
purpose. So far as could be judged by color, texture, and general
field appearance the profiles were normally developed and had not
recently been disturbed. 1t is presumed that they were formed from
homogeneous parent rocks, but of course this is by no means certain.
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THE CHEMICAL COMPOSITION OF THE MICA SAMPLES

The samples of mica isolated from the soil or parent material con-
tained smalt quantities of other ininerals and colloidal material which
could not readily be removed. These iinpurities and the proportions
of nuscovite to biotite were estimated petrographically. The samples
were analyzed by the fusion method, and the actual composition of
the pure mica was then found by correcting the analyses for the con-
stituents of contaminating minerals and colloidal material. The
compositious of the minerals employed in this correction were ob-
tained by averaging aunatyses given by Dana (4). Colloidal material
present in the mica samples was assumed to have thie saime composi-
tion as colloidal material {rom the same or related soils.

The compositions of the pure micas which were obtained in this
way are given in Table 3. For convenience of comparison, the aver-
age comnpositions of fresh muscovite and biotite are included in this
table. The composition given for muscovite is the average of 75
analyses assembled by Boeke (2),and that given for biotite represents
the average of 35 analyses selected by Winclell (17).2

1 Doelter (5) has assembled a greater number of analyses of both muscovite and biotite, but some of
these are considered by Boeke and by Winchell as of doubtful value. Deoelter’s analyses, however, average
about the same as those selected by Boeke and by Winchell.
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AILTERATION OF MUSCOVITE AND BIOTITE IN THE soiL 11

It is apparent that the inicas isolated from the soil proper and
from the weathered parent material are very diflerent, with respect
to certain constituents, from the average fresh muscovite or biotite,
and diflerent also from the mica in the bedrocks of profiles Nos. 1, 5,
and 12. The potash content of the soil mica is in general inuch
lower than that of eitlier unweathered mmuscovite or biotite; in fact,
in a fow samples potash is almost absent. Combined water, on the
other hand, is several times greater in the soil micas than in either
fresh muscovite or biotite. Magnesia is very low in samples made
up almost exclusively of biotite. lrom, it will be seen, is almost
completely oxidized in the mica isolated from the upper soil horizons,
whereas fresh muscovite and biotite contain iron, predominantly in
the ferrous form.*

These differences between the soil micas and the average fresh
biotite and muscovite are evidently not due to the fact that the soil
micas are made up of variable proportions of biotite and 1uscovite.
¥resh biotite and muscovite contain approximately the same per-
centage of potash, both are low in combined water, and neither con-
tains ferric iron in large quantities. IFurthermore the differences
between the soil nicas and the average fresh inica scem too large
and too consistent to be explained on the ground that the soil micas
originated from fresh biotites and muscovites that were very different
in composition from the average. The most probable explanation
of the diflerences is that they were produced by weathering.  Table
3 thus gives qualitative evidence that the soil micas as a whole have
been altered in potash, combined water, magnesia, and in oxidation
of iron.

Although the soil-mica samples as a group are obviously altered
in the four constituents mentioned, a further consideration of the
data is needed to show the extent of alteration in these constituents.
Also something more than a mere inspection of the data is needed
to show whether differences between the soil and fresh micas in
silica, alumina, and total iron are significant of changes in composi-
tion. Before positive conclusions are drawn as to the diflerences
that may be attributed to alteration and the differences that should
be allowed for chance variations in the two kinds of iica, it is neces-
sary to consider variability in composition of the fresh micas, varia-
bility of the soil micas, and the magnitude of the differenees between
these two groups. These three factors are given due weight in
calculations of mean differences, together withi the probable errors
of the differences.

Accordingly, the mean difference between all soil micas and corre-
sponding mixtures of fresh biotite and muscovite and the probable
error of the difference were computed for each of the six major
constituents, Si0,, total iron as FeO, ALO;, MgO, K,O, and H:0O.
The results of the calculation indicate only whether alteration occurs
in the whole group of soil micas. This group contains muscovite
and biotite mixed in all proportions; hence alteration in the group
could be produced by alteration of either one or both micas. To
ascertain whether alteration should be ascribed to muscovite, cal-
culations were made of the mean differences between fresh muscovite
and a group of nine soil micas which were considered pure muscovite.

3 Although FeO was not determined in most of the A-horizon micas, because of the interference of or-
ganie matter, the assumption that iron is completely oxidized in these horizons is justified by the very
low contents of FeO in the next lower horizons.
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The group averaged 95 per cent muscovite, and no sample contained
less than 80 per cent of this form of miea. A similar caleulation
made for 15 samples of nearly pure soil biotite indicates whether
biotite is also altered.

A method * of computing probable error which scemed applicable
to this type of problem was suggested by F. D. Richey, of the oflice
of cereal crops and diseases, Burcau of Plant Industry. The authors
wish to express their appreciation to Mr. Richey for his valuable
assistance and cooperation. The results of the ealculations are given
in Table 4.

TaBLE 4.—Average amounts by which soil micas exceed or fall below fresh micas
in various consliluents and the probable errors of the mean differences

(Results expressed as percentages of sample)

Data obtained from— sioy  |FednbFeO| g0, Mgo K30 11,0
Per cent Per cent Per cent Per cent Per cent Per cent
All samnples analyzed 1| +3.340.57 | —3.540.97 | +50+£0.73 | —4 80 80 | —3 740,23 | +4. 6028
Biotite samples .| +4.8+£0.80 | =5 8+1.67 | $0.12£0.75 | —7.5£1.33 | —4.44.0.28 46 7-£0. 36
Muscovite sainples t .| 4124102 | —0.4£0.82 | +0.2:£1.19 | ~1.1:£0.49 | —3.1+0.42 | +3.3::0. 43
1

1 Results for K3O and H3iO based on 52 analyses and for other constituents on 32 analyses.
s Results for all constituents based on 15 analyses,
1 Results for K10 and 1130 based on 22 analyses and for other constituents on ¢ analyses.

It is apparent that the samples of soil muscovite as a group are
much lower in potash and higher in water than average fresh musco-
vite.  With respeet to the other constituents, nanmely silica, total
iron, almnina, and magnesia, the groups of fresh muscovite and soil
museovite are practically identical; the differences shown for these
constitucnts are small and in most cases are less than their probable
errors. The group of soil-biotite samples, o the other haud, differs
from the fresh biotite group in all constituents, the increased per-
eentages of alumina and water and the decreased percentages of
magnesia and potash being cspeeially pronmounced.  The incresse in
silica and decrease in iron, although less miarked, are still significant.
The differences shown by “all samples analyzed,” which include
samples of muscovite, biotite, and of the mixed micas, are, as would
be expected, intermediate between the differences shown by the
niuscovite and biotite samples.

¢ The followlng is Mr. Richey's deseription of the method used In ealenlating the probable error. “In
computing the probable errors for the mean differences Detween the soil micas and the {resh micas it is
necessary to take into consideration the variations in the fresh micas, the variaticns in thie soil miicas, and
the correlation hetween the two series. )

“The variance (squared standard deviation) for each computed value for fresh mica, 6%/, was taken to
he the weighted miean of the variances for biotite (62a) and musecvlte (€2y), the weighting belng aceord-
Ing to the proportions of hiatite and muscovite. Thus the variance for the computed value of a sample of
fresh mica with 43 per cent of biotite and 57 per cent of muscoyite would be:

63043 63540.57 P

“The mean of the varlances so computed (6%) gives an estlmate of the variation that might be expected
in il series of actnal samples of fresh mica similar In biotite and museovite content to the series of eompnted
values,

“The successive differences hetween the individial samples of soil mica and the compnted values for
saniples of fresh mics eontainlng the same proportions of gimito and muscovite were determlned.  The
variance of these diflerences 615, measures the variation of the differences between the soil mica, and the
straight line trend of the computed values for fresh miica, the effects of correlatic n thord v Leirg eliminated.

“The sum of these variances, 63%+462p, afferds a reascralle basis fe1 compartirg a probable error for
the differences hetween the computed composition of (resh micas and the analyses of the soil micas. The
probable error for the mean of o such differences is:

+0.6745 ‘/f'l_ﬁ“fe"
»
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The differences that have been pointed out as signifieant—in the
case of muscovite, an increase in the pereentage of water and a de-
crease in the percentage of potash and 1n the case of biotite, increased
percentages of water, alumina, aud silica and deereased percentages of
potash, magnesia, and total iron—are certainly not due to cliance
variation in random sampling.  These differences range from 3% to 20
times their respective probable errors aud correspond to odds from
40 to 1 to millions to 1 against the differences being due to chance.
Moreover, the individual differences were preponderantly in one
direction, whiel gives even higher eertainties of the differences being
significant.

Although the results of Table 4 show with eertainty the eonstitu-
euts in which there are significant differences, they do not show with
the same certainty the exact extent of these differences. In the case
of I;0, for instance, where the average difference between soil
muscovite and fresh muscovite is 3.7 £ 0.23 per eent, the chance that
there 1s a siguificant diflerenee is infinitely great, sinee the difference
is 16 times its probable error. The chances, however, are only even
that the true value of the difference lies within the lunits of the
probable error, namely, between 3.47 and 3.93 per cent. But it is
practically certain that the true average difference lies between the
limits set by three times the probable error; namely, between 3.01
and 4.39 per cent.?

Inasmuch as these differences are obviously not due to variations
encountered in random sampling, it would seem that they should be
attributed to partial alteration of the soil micas. Further considera-
tion is given to this coueclusion in the section on ‘“ Alteration of mica
particles differing in clearness of interference figure;” but for the
present it may be accepted without further proof.

DIFFERENCES IN COMPOSITIQrN OF MICA PARTICLES AS RELATED
O SIZE

The data regarding alteration that have been discussed apply with
eertainty only to the average particle in the groups of soil mica sanples
rather than to all the particles. Unless all the particles are uniform in
composition they can not all have been altered to the extent indicated
by the analyses. It is very important to know in conneection with
questions arising in further discussion whether all the particles in any
one sample are alike in composition. For instance, certain samples
of museovite are so high in potash that it would seem that they have
not been altered at all. The question arises whether in the horizons
or profiles froin which the samples were isolated the eonditions are
such that muscovite is not altered. If all the particles are of the sare
composition as the whole sample, this would appear to be the case.
If, however, many particles are much lower in potash than others, it
would appear that alteration does talke place in the horizon or profile,
but that it has progressed in the average particle to only a slight
extent.

The appearance of individual particles under the microscope indi-
cates that different degrees of alteration may be represented in the
same sample, since the interfcrence figures are much sharper in some

& A difference of three times the probable error gives odds of something over 30 to 1, which Is usually com
sidered to represent practical certainty.
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particles than in others. It was thought that more conclusive evi-
dence regarding uniforinity inight be obtained by separating some of
the mica samples into fractions of different-sized particles. 1f the
particles are not uniform, it would seem that the sinaller particles
should show greater alteration than the larger ones. Accordingly,
several samples of soil muscovite and biotite were separated by
sieving into coarse and fine fractions. The coarse fractions contained
particles larger than 0.25 millimeter, and the fine fractions contained
particles about 0.07 millimeter iu diameter, except in the case of the
two samples from Cecil profile No. 8. Here, the coarse fractions con-
tained particles above 0.07 millimeter and the fine fractions particles
between 0.07 millimeter and about 0.005 millimeter. These fine
fractions were not obtained by sieving samples of previously isolated
mica; they were the silt {ractions of the whole soils.  As it happened
these fractions were made up chiefly of mica with some quartz. The
analysis of the whole sample corrected for the quartz present gave the
composition of the mica. Combined water and potash were deter-
mined in the fractions. The results are given in Table 5.

TasLE 5.—Potash and combined water in coarse and fine fractions of soil mica

' K301 ' H;01
Propor-
Profile Soll series from which miica was Depth of :]l‘m
No. isolated horizon vite to Coarse' Fine |Coarse| Fine
biotite frac- [ frac- frac- fruc-
tion | tion tion tlon
]
Inches Per cent |Per cent Per cent Per cent Per cent
21 Ceeil e el GOto 168, 11:89 4.2, 2.4 8. 9.7
2 U T, SO, 169 to 240_. 3 4.6 | 2.0 8.2 111
3 _.do - 60 to8d. 3.3 1 L1 10.6 120
6. Louisa. ... - 30to40. 4.3 2.0 9.5 1.8
[ Madison ______ 181030, . 9.4 7.0 4.8 5.7
10. Georgeville. ... 48 to60. . 9.5 | 5.0 5.5 4.4
12 Nanor oo L 8tols .. 7.5 6.1 6.3 4.7
14 Chester E .--| 30to36_ .. 7.7 6.0 6.7 6.6
18 Cecil . _o.o._.. 65 t0 100, _ 5.2 ‘ 2.7 10.5 9.1
, L IO do..... .| BB O 104 . ] 2.1 0.8 10.9 15.1
8 .. B ' T 180 to 198 5 2.9 | 1.4 9.4 15.9
1

1 Determinations by G. J. ITough and G. Fdgington.

¥ Samples 2, 3, and 6 predominantly biotite.

$Samples 9, 10, 12, 14, and 13 predominantly muscovlte.
¢ Samples 8 of mixed micas.

It is evident froimn Table 5 that the fine fractions of biotite contain
only about one-half as much potash as the coarse fractions, and
appreciably more combined water. The fine fractions of muscovite
are significantly lower in potash than the coarse fractions, but the
water content 1s 1rregular. It thus appears that different nica par-
ticles in the same sample vary considerably in the extent to \\'fl)ich
they are altered, the fine particles being altered more than the larger.

In view of this conclusion, it would seem that the very fine mica
which could not readily be isolated from the soil by the procedure
followed is lower in potash and is probably altered more in other
constituents than the mica which was isolated. It follows, therefore,
that the samples of mica are by no means representative of all of
the mica in the soils from which they were isolated, although there is
little doubt that they do represent all of the 1nica in the soils composed
of particles of upper silt and sand sizes.
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It might also be concluded that even those samples of isolated
soil miea which have compositions similar to fresh miea are altered
to some extent. The alteration may, however, be confined to the
finer partieles.

ALTERATION IN PARTICLES DIFFERING IN CLEARNESS OF THE
INTERFERENCE FIGURE

The mica particles as a group have been seen to differ significantly
in composition fron fresh mica, the differences having been ascribed
to alteration. There is a possibility, however, that these diflerences
might not be duc to alteration. Many samples, as was mentioned
on page 5, contained particles whieh were mieaceous in appearanee
but which eould not with certainty be identified as mica because of
the absenee of an interference figure. These particles seemed to be
hichly altered mica, but since they could not be positively identified
as such it is possible that they might have originated not from mica
but from other minerals. The ¢uestion then arises, might not the
samples be made up simply of fresh, unaltered mieca particles and of
indeterminate partieles derived from some other mineral? The
indeterminate particles might have a composition so different from
mica that their presence in the samples would produee the changes
in comiposition that have been attributed to alteration.

It was, of course, neecessary to test this hypothesis, although the
appearance of the mica particles indicated that it was incorrect.
The distinetively 1nica particles did not all have the appearance of
fresh mica, and progressive variations were shown in refractive index,
birefringence, and distinetness of the interferenee figure between
fresh mica and the so-called indeterminate material.  Such varia-
tions in the optical characteristics of particles positively identified
as mica were suggestive of cheniical alteration. In order, however,
to be more certain that chemical alteration had occurred, it was
desirable to gain an idea of the compositions of partieles which varied
in their optical characteristics.

Tt did not seem possible to make a perfect separation of the differ-
ent kinds of particles. However, it was possible to prepare fractions
in which particles having distinct, blurred, very blurred, or indeter-
minate interference figures predominated. By comparing the com-
positions of such fractions some idea was obtained as to the com-
position of these kinds of particles.

This partial separation was possible because there seemed to be a
relation between the rate of scttling of mica particles from water
and the degree of blurring, the mnore highly blurred particles requiring
a greater time for settling than the more distinet. The separation
was made as follows: A 5-gram sample of mica, to which a few cuble
centimeters of water had been added, was rubbed for a fow minutes
with a rubber-tipped pestle. The material was transferred to a
glass eylinder, water was added to a height of 15 centimeters, and the
suspension was decanted almost immediately. The material left
in the cylinder was resuspended and decanted until microscopie
observation showed that it was made up largely of distinet particles.
The blurred, very blurred, and indeterminate fractions were prepared
from the decanted material in a similar manner, cxcept that a longer
settling was allowed for each successive fraetion, sometimes 30
minutes for the indeterminate fraction.
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The percentages of the different kinds of particles in each fraction
were estimated petrographically. The criteria used in identifying
the different particles were as follows: Particles whieh were classified
as distinet showed a sharply defined interference figure. In theblurred

articles the two hyperbolas forining the interferenee figure were
Elurred but showed complete separation at all points (except at the
foci, in the ease of biotite) as the stuge was rotated. The very blurred
particles showed a vaguely outhned figure. The indeterminate
particles either showed no figure whatever or a figure too vague to
permit of identification of the material. The quantities of the
different partieles in a fraction were estimated by neasuring areas.
About 100 particles were measured in each sample. Sinee prelimi-
nary measurements showed that the various groups of partieles aver-
aged about the same in thickness, and since it may be assumed that
the particles in each group had about the same specific gravity, it
follows that the percentage of the total surface exposed by each
type of particle should correspond roughly to percentage by weight.

Four samples of soil mica—two of biotite and two of museovite—
were each separated into four fractions; the pereentages of the different
kinds of particles in each fraction were estimated; and the samples
were analyzed for potash and water. The data are giveu in Table 6.

TaBLE 6.—Relation between K;0 and H,0 contents of muscovite and biolite samples
and blurring of the interference figure

Percentage of each type of particle In
the sample

Description of sample KiOt H,01 ]
. Very Indeter-
Distinct | Blurred blurred | minate
|
Muscovite isolated from profile No. 20, | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent
Appling series, 20 to 40 inches_ . 2.6 9.9 23.2 35.9 26.6 14.3
Fraction of this sample.._.._. N 8.5 6.8 52.2 30.9 1.5 5.4
aas 7.3 6.8 37.0 40.6 13.3 9.1
_.! .7 14.8 0 6.3 44.8 48.9
Dol P .6 13.3 0 14.7 35.8 49.9
Mauscovite isolated from profile No. 11,
Manor series, 32 to 50 inches_... 6.7 6.3 77.9 10.2 3.0 2.0
Fraction of this sample_. 7.7 5.6 3.4 4.3 .6 1.7
Do... 4.3 9.1 4.9 74.7 12.4 7.9
Do, 3.3 114 | 0 20.6 63.1 18.0
Do.___ 3.8 8.3 0 28.2 20.¢ 4.9
Biotite izolat .
series, 30 to #0 inches. .. .o ..o .. 3.8 10.2 26.2 51.4 13.6 8.7
Fraction of thls sample. 3.8 9.6 37.2 54.1 7.2 L5
3.5 10.8 | 0 5.7 33.9 9.4
2.9 12.2 0 19.3 63.7 17 0
3.2 1.2 0 0 19.8 50.4
series, 60 to 168 inches 3.9 8.6 51.7 38.0 7.0 3.3
Fraction of this samnple..__. P 4.6 8.9 68,5 26.5 4.7 .3
D 5.0 8.8 | 13.5 74.2 8.2 4.1
4.1 10.0 4.6 30.9 58.1 6.4
2.3 12.3 15.3 | 10.2 67.5

1 Determinations by G. J. llough.

That chemical alteration is associated with blurring of the inter-
ference figure is immediately apparent from the data of Table 6.
Those samples and fractions which contain the least potash and the
most water are coinposed predominantly of very hlurred and indeter-
minate particles. Where chemieal alteration is less marked most of
the particles are distinct or blurred. This relation is especially pro-
nounced in the ease of the muscovite fractions. The biotite fraetions
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show comparatively small differences in potash and water, but the
differences correlate fairly well with the degree of blurring. It is of
particular significance that marked alteration is evident in many
museovite and biotite fractions in which the quantities of indeter-
minate particles are so small that they could have only a ncgligible
influence on the eomposition of the fractions. Consequently the
remaining particles—the distinet, blurred, and very blurred par-
ticles—which are obviously mica in their optical properties, must, as
a group, be considerably altered. These facts dispose of the hypoth-
csis previously mentioned, that the alteration of the miea samples
might be only apparent in that the samples might be made up simply
of fresh mica particles and of indcterminate particles derived from
some other mineral.

A fairly definite idea of the extent to which the distinct, blurred,
very blurred, and indeterminate particles have been altered was
obtained by calculating from the data of Table 6 the most probable
potash content of each kind of particle. In accordanee with the
method of least squares, a scries of 10 observation equations was
written for muscovite and a siniilar series for biotite by equating the
sum of the percentages of the different types of partieles found in
each fraction to the percentage of potash present. The values for
potash in distinet, blurred, very blurred, and indeterminate particles
which best satisfied each series of equations were then calculated,
togetlier with their probable errors, according to methods given by
Merriman (14). These data are given in Table 7.

TaBLE 7.—Potash content of particles of soil muscovite and biotite, showing inter-
ference figures of various degrees of distinctness

Percentage of potash

Appearance of interference figure

| Muscovite l Blotite

Per cent | Per cent
Distinct___. emeeeaaaf  8.6£0.9 | 4.6+0.6
Blarred.... | 5. 7x1.3| 4.5%0.5
Very blurred.. .| 2.6x2.0| 3.2%0.6
Indeterminate - o e ememamaaae- | —0.5+2.2 | 2.2+0.5
|

Although large probable errors are associated with thesc calculated
values for potash, it is apparent that there is a general deerease in
potash from the distinet to the indeterminate group. A series of
values calculated for combined water would show a similar progression
except that the values would follow the reverse order. It may be
concluded, therefore, that the mica samples are made up primarily
of mica particles which show widely varying degrees of alteration.
The fact that a correlation between optical properties and ehemical
composition extends without obvious break from distinet to inde-
terminate particles affords some evidence that the so-called ‘‘indeter-
minate” particles may be merely highly altered particles of mica.

It is apparent from the magnitudes of the probable errors given in
Table 7 that particles showing the same degree of blurring vary
considerably in content of potash, especially the muscovite samples.
This observation is also borne out by the data of Table 6. For
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example, in those fractions from the Appliug soil which contain
0.6 and 0.7 per cent of potash the very blurred partieles eould not
contain over 1.5 per cent K,0. However, in that {raction from the
Manor soil containing 3.3 per cent K,0O, the very blurred particles
probably contain about 3 per eent K,O. Such variability may be
due in part to differences in distribution within a group of partieles
varying somewhat in distinctness of their interference figures, aud,
eonsequently, in percentage of potash. It also may be due in part
to variations in the compositions of the fresh mieas from whieh the
particles were derived.

A feature of the data not so readily explained is the fact that parti-
eles of biotite whieh show a distinet interference figure contain hardly
more than one-half the potasl normally present in fresh biotite. It
is surprising that the appearance of the interferenee figure of sueh
particles gives no indication of this profound alteration.

The corrclation obtaining between potash conteut and distinctness
of the interference figure is of practical importanee. In estimating
the coniposition of soils by the petrographie metliod it 1s obviously
important that the altered compositions of mica particles he taken
into account. While the calculated muscovite values are subject
to a large probable error, it is preferable to employ these values
rather than the average value for potash in fresh museovite. The
biotite values are tess variable and c¢an be used with more surety.

It seems obvious from the relations found between distinetness of
interference figure and composition and between particle size and eon-
position that all of the isolated mica samples are probably altered to
some extent. Data given in Tables 5 and 6 indicate that even samples
having a potash eontent approximately that of fresh inica contain
some particles which are smaller than others and some particles whieh
have blurred interference figures. These particles, it has beeu shown,
are lower in potash than the larger distinet particles, which may or
may not be altered.

NATURE OF THE ALTERATION

Thus far attention has been devoted chiefly to the extents to which
soil micas differ from fresh micas in composition. It lias been shown
that when muscovite and biotite are altered in the soil there is a de-
crease in the percentage of potash and an increase in the pereentage
of water. In the case of biotite there are also inereases in silica and
alumina, decreases in won and magnesia, and an oxidation of ferrous
iron. The mechanism of these changes and the nature of the material
to which the micas are altering have not been considered. Lighton
these subjects, however, can be obtained from a further consideration
of the data.

Presumably none of the isolated samples of soil ica represent s
definite end product of alteration, since preceding data show that any
sample may contain particles altered to quite different extents. How-
ever, all 1dea of the end products toward which muscovite and biotite
are altering can be calculuted from the changes that have already
taken place, if eertain assumptions are made. (1) It is assumed that
the end product of alteration would be reached if the changes apparent
in the izolated samples were merely carried further. (2) It is assumed
that the observed differenees in eonposition between the soil micas
and fresh mica represent the exact extent of those changes.
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The soil-inuscovite samples (those containing over 80 per cent
muscovite) differ from average fresh nuscovite only in showing a
reduced content of potash and an increased content of water. The
extent of these differences is given in Table 8 for 10 samples which
show evidence of alteration. In caleulating these differences the 10
analyses taken from Table 3 were corrected for the small amnounts of
biotite present,.

TaBLE 8.—Deviations of soil muscovite from average fresh muscovite with respeet
to percentages of polash and waler: Decrease in potash compared with increase
in water

P{\g)(f)i'lo Soil series from which the mica was isolated 11)“(\)‘;32):! | I;)Ir;c}r{e’%e ll'fﬁ:‘f)e ;\1:8_.
t

Inches Per cent | Per cent

43 to 90 8.9 9.0 L0
91 to 180 81 7.9 L0
20 to 40 6.5 5.7 0.0
40 to 60 55 7.4 1.3
10 to 20 54 4.5 0.8
65 to 100 53 5.1 1.0
151 to 270 51 53 L0
40 to 65 4.6 5.5 1.2
30+ 2.3 2.4 10

18 to 28 2.3 2.7 12
LO

It is apparent that in nearly every case the decrease in percentage of
potash is almost equal to the increase in percentage of water. The
most advanced stage of the observed type of alteration would then be
reached when the material no longer contained any potash. The
water content of the end product 1s readily calculated. Since average
fresh muscovite contains 9.2 per cent ;0 and 4.6 per cent H,O (Table
3), and since a decrease in percentage of potash is accompanied by an
equal inerease in water, the water content of the end product would
be 13.8 per cent. Nomne of the soil muscovites differ significantly from
the fresh material in percentages of silica and aluinina (Table 4); it
may be assumed, therefore, that further alteration would produce no
appreciable changes in these constituents. The calculated composition
of completely altered soil muscovite would then be S10,, 46.2 per cent;
ALO,S 35.9 per cent; and 11,0, 13.8 per cent. This composition, it
will benoted, is essentially that of kaolinite, which is S10;, 46.5 per cent;
ALO;, 39.5 per cent; and H,0, 14.0 per cent.

The product toward which the soil biotites are altering may be
calculated in a similar manner. The soil-biotite samples, however,
differ significantly from fresh biotite in the percentages of six con-
stituents. The extents of these differences are shown in Table 9.
The composition ol soil biotite givea in the table is the average of
15 samples containing 80 per cent or more ol biotite, the whole group
averaging 91 per cent biotite. The compositious of the samples were
corrected for the small quantities of soil muscovite which they
contamed.

8 This value includes 2.4 per cent FezOs.
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TABLE 9.—Comparison of average compositions of fresh biotile and soil biolile

sior | Anos (TOtlOn afpo | Ko | o0

| Per cent | Per cent | Per cent | Per cent | Per cent | Per ce‘nl
Average fresh biotite ... ________ . ... 36.2 16.3 18. 4 | 12.4 8.2 2.8
Average soil biotite.. ... . ... __ 40.4 | 26.3 1.9 4.2 3.6 9.8

Difference. . ooo oo +4.2 | +10.0 | —6.5 —8.2[ —4.8 +7.0

Difference expressed as percentage of the !
quantity of the constituent present in | ! |
average fresh biotite___.________________ 4 FI1L6 +61.3 | —35.3 —66.1 —56.1 | +250. 0

| 1

It is seen that alumina, silica, and water have- increased in the
altered samples to quite different extents. Potash, magnesia, and
iron, on the other hand, have diminished more uniformly. The
average reduction in these bases is shown in the last line of the table
to amount to a little more than one-half of their values in fresh
biotite or 52.5 per cent. I, in calculating the composition of the
end product of alteration, it is assumed that alteration is complete
when all FeO, MgO, and K,O have disappeared and that they all
disappear at the saine rate, then the average composition of the soil
biotites shown in Table 9 represents 52.5 per cent of complete alter-
ation. The difference of +4.2 per cent Si0,, +10 per cent Al O,
and +7 per cent H,0 might then be considered as the changes in
these constituents accompanying 52.5 per cent of complete alteration.
The increased percentages accompanying eomplete alteration would
thus be +8 per cent S10;, + 19 per cent ALO;, and +13.3 per cent
H,0. These values added to the respective percentages of the
constituents in average fresh biotite would give as the composition
of the end product: Si0,, 44.2 per cent; ALOs, 35.3 per cent; and
H,0, 16.1 per cent.  This again is about the composition of kaolinite.

The preceding calculations indicate at best only that the samples
of muscovite and biotite are tending toward kaolinite in their
alteration. One of the basic assumptions, that the extent of alter-
ation in the various constituents is shown by the differences in com-
position between the fresh and the soil micas, holds only within
certain limits.  As pointed out on page 12, these differences in
composition are subject to nore or less probable error; hence the
differences that can be attributed with certainty to alteration lie
within a certain range of values, the range being two or three times
the probable errors.  If allowances were made for the probable errors
in caleulating the composition to which the micas are approaching, a
series of values would be obtained for the composition of the end pro-
duct. This series as a whole would vary rather widely around the
caleulated composition, which has been given as that of kaolinite.
Whether kaolinite is actually formed in the soils is, of course, at this
point highly speeulative.

Some information regarding the nature of the change that has
already taken place in the muscovite samples can be obtained from the
data given in Table 8. The equality that obtains between the
increased percentages of water and the decreased percentages of
potash shows that the alteration is not a simple replacement of potas-
stum by hydrogen in stoichiometric proportions, the molecular
weight of potash being approximately five times that of water. It is,
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of course, possible to assume that there is a replacement of potassium
by hydrogen and that this is accompanied by the addition of several
molecules of water of hydration; but a more probable explanation
will be developed later.

Similar evidenee regarding the nature of the alteration ean be
obtained for the soil biotites. Table 10 shows that in the case of
the biotite samples also, fairly constant relations obtain between the
inereased pereentages of water and the decreased percentages of
potash, magnesia, and iron. From the constancy of these relations
the question naturally arises whether alteration of biotite is not
simply a substitution of water for these three constituents. Appar-
ently this is not the ecase. When the moleeular compositions of
average fresh and altered biotite were compared, and it was assumed
that either alumina or siliea was unehanged, it was found that the
gain in water was not equivalent to the total losses of potash, mag-
nesia, ard iron, or to any eombination of them. Apparently, then,
neither in the ease of biotite nor in the ease of muscovite is the
alteration a simple replacement of bases by hydrogen in equivalent
quantities.

TABLE 10.—Deviation of soil biotite from average fresh biotite with respect to per-
centages of 11,0, K,0, MgO, and FeQ: Increases in IO as compared with
decreases 1n other constituents

Soil series from | In- De- De- l De-
P Ir\?(f)ile whicl biotite was Iﬂﬁ'r‘itz}:)gr crease | crease | creaso | cregse | 122 H.0 ‘?'9
. isolated | in lIzOl in K20 inl\lg0|in FeO K30 MgO FeO
Inches | Per ceniiPer cent Per cent Per cent
Cecil ooocaaaoas 96 to 112__. 10.6 4.8 8.1 6. 2.2 1.3 1.7
60 to 84 ___ 0.1 6.8 10.0 7.6 1.3 .9 1.2
_| 48 to 60___. 8.4 5.7 10.1 8.9 1.5 .8 1.0
.| 60to T2 8.1 5.6 10.0 10.0 1.4 .8 .8
.| 40 to RO____ 7.8 5.0 7.8 6.0 1.8 1.0 1.3
7.4 4.4 7.9 7.5 1.7 .9 1.0
7.2 4.1 9.0 7.2 1.8 .8 1.0
7.1 3.2 7.1 3.4 2.2 1.0 2.1
6.0 3.5 5.4 2.4 2.0 1.3 2.9
6.7 4.7 8.3 6.4 1.4 .8 1.0
6.6 4.8 7.6 4.9 1.4 .9 1.3
6.4 4.2 6.3 3.2 15 1.0 2.0
5.4 | 3.6 6.9 5.4 1.5 .8 1.0
5.4' 3.9 8.4 7.1 1.4 .6 .8
2.7 4.2 10.3 11.3 W7 .3 .2
........ Il‘ 1.55 88 1.30
|

It would seem that any explanation of the ehanges that the soil
mieas have already undergone should take into account the relations
between water and other constituents that have been pointed out.
These relations are so eonstant for data of this kind that they are
probably significant. All these relations, the equality between the
mereased percentages of H,O and the decrcased pereentages of K,O
in the museovite samples and the eonstant proportions between
increased percentages of H,0O and decrcased percentages of K0,
MgO, and FeO in the biotite samples, ean be explained by the hypoth-
esis that the samples are mixtures of unaltered muscovite or biotite
and material of kaolinite composition. 1t is, of course, evident from
the examinations made of particles of varying optical characteristics
that such mixtures would not be eomposed of gross particles of unal-
tered muscovite or biotite and kaolinite, since the samples contained
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few if any particles having the eompositions of these minerals. The
partiele itself, however, might be an isomorphous mixture of museovite
or biotite with kaolinite. :

That the compositions of the mica samples may be accounted for
by this hypothesis may be seen from the following calculations. 1f
fresh muscovite eontaining 9.2 per cent K,O and 4.6 per eent H,0O
is mixed in any proportion with kaolinite eontaining no potash and
14 per cent H,0, and the composition of the mixture is eompared
with that of fresh muscovite, it will be found that the increased per-
centage of water and the decreased percentage of potash will be in
the ratio of 1 to 1. 1t will be recalled that an average ratio of 1 to 1
was actually observed in the case of the museovite samples. (Table
8.) Since fresh muscovite and kaolinite differ but slightly in percent-
age of silica or of alumina, the pereentages of these constituents
would remain practically unchanged in any mixture of the two min-
erals; and, as a matter of fact, none of the soil-muscovite samples
differ appreciably from fresh muscovite in Si0; and ALO;. It follows,
therefore, from these relations that the composition of any soil
muscovite may be expluined by assuming that kaolinite is present
in the muscovite particles in some proportion.

Similarly, if biotite containing 8.2 per cent K,0, 12.4 per cent MgO,
18.4 per cent FeO, and 2.8 per cent H.O is mixed with kaolinite in
any proportion and the composition of the mixture is compared with
that of fresh biotite it will be seen that the ratios of the increase in
percentage of water to the decreases in pereentages of the basie eon-
stituents will be as follows:

0
Ko~ 137
1LO
Mgo 090
1{20

7eO 0.61.

The average observed ratios were (Table 10):

1,0

K0 19
HO
a0~ 08
HO

FoO 1.3

The discrepaney between the calculated and observed ratios in the
case of iron would be explained if a part of the ferrous iron released
in the alteration of biotite to kaolinite remained in the mica particles
as colloidally dispersred ferric oxide. The silica and alumina coutent
of the biotite samples is also in aceord with the hypothesis that the
particles are mixtures of biotite and kaolinitelike material. How well
the hvpothesis explains the analytical data for all constituents in
biotite is shown by Table 11. The average composition of the soil
biotite samples is shown in this table, together with the eomposition
of the mixture of fresh biotite and kaolinite, which would have the
same percentage of water as the average soil biotite.
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TasLe 11.—Composition of average soil biotite as compared with that of a maxture
of fresh biotite and kaolinite

Total iron|

olalignl Meo | K0 | MO

8101 AliOs

| |
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent
36. : .4 | 8.2

Composition of fresh biotite__ ... 36. 16.3 18.4 | 12.4 2.8
Composition of kaolinite ________________. 46. 5 30.5 (... ... | D, e 14.0
Average composition of soil biotite samples. 40. 4 26.3 1.9 4.2 3.6 9.8
Composition of inixture of (resh biotlte and | |

kaolinite having same percentage of

water as average soil biotite snmples. .. | 42,6 30.8 6.7 4.7 3.1 9.8

The eomposition of the mixture of fresh biotite and kaolinite based
on pereentage of water agrees fairly well with the average cowmnposi-
tion of the soil-biotite samples in all constituents except FeO. Mix-
tures having the same content of K,0, MgO, AlLO;, or SiO, as the
soil biotite would also agree fairly well with the average soil biotite
in other constituents. Such variations as oceur between the compo-
sition of the average soil biotite and the ealeulated compositions of
the mixtures of biotite and kaolinite are no greater than would be
expected from the use of an average composition for fresh biotite.
Fresh biotite is very variable in composition, particularly in regard
to magnesia and iron, and it would be entirely possible for the 15
soil biotites to contain fresh biotite of a somewhat different composi-
tion from that used in ealeulating the composition of thie mixture.
It is thus apparent that the hypothesis that the samples of altered
biotite are composed of fresh biotite and kaolinite in various pro-
portions satisfactorily explains the data.

The optieal characteristies of diflerent partieles in the mica samples
are also in harmony with the hypothesis that the particles are iso-
morphous mixtures of museovite or biotite and kaolinite. As pre-
viously noted, a general eorrelation obtains between blurring of inter-
ference figure and chemical composition. A elose correlation was
also observed between blurring of the interference figure and reduction
in refractive index and birefringence. Particles having a vague inter-
ference figure, or none at all, had a refractive index approaching
that of kaolinite and were nearly isotropie. Sueh optical character-
istics would be expected in isomorphous mixtures of mica and kaolinite.

The process by which museovite and biotite may alter to kaolinite
may be regarded as one of hydrolysis. Alteration of muscovite to
kaolinite may be represented by the equation:

2I(H2A];;Si3012 -+ 5H20 == 3H4A128i209 + 2KOH

Biotite may be presumed to alter to kaolinite in accordance with the
equation:

KHMgFeAl,Si;0,, +411,0= H4A]2§i609 +Mg (OH), +Fe (OH), +KOH
+S1 9

It will be noted that alteration of biotite according to this equation
would involve the loss of one molecule of silica.

If kaolinite is to be regarded as an alteration product of mica, it
might seem that well-defined particles of kaolinite should be present
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in the micaceous samples and in soils in general. Such particles,
however, were lacking in the mica samples and are of extremely rare
occurrence in soils. In some cases the so-called indeterminate
material had a composition very close to that of kaolinite. For
example, an examination of the mica isolated from profile No. 7, B
horizon (Table 3), showed that this sample was made up largely of
indeterminate particles. Such particles were of a platy structure,
very slightly birefringent, and had a refractive index, 1.56, close to
that of kaolinite. They lacked entirely, however, the interference
figure characteristic of well-defined kaolinite. If the material were
to be classified mineralogically, perhaps it would be as properly called
kaolin as kaolinite, although the term “kaolin’ is not usually applied
to material occurring in such well-defined plates.

MICA IN DIFFERENT HORIZONS OF THE SOIL PROFILES

It hias been seen that in all the soils studied biotite contains less
potash, mnagnesia, and iron, and more combined water, silica, and
alumina than average fresh biotite. Muscovite in certain soils has
a composition differing but slightly fromn that of normal muscovite,
but in other soils it deviates widely from average fresh muscovite in
being lower in potash and higher in water. These facts would be
statcd in terms of the alteration hypothesis as follows: Particles of
soil biotite contain considerable material of kaolinite composition;
particles of soil muscovite in some soils contain very little kaolinitelike
material, but in other soils they may contain a considerable quantity.

For an understanding of soil development it is important to deter-
mine when these changes in the composition of mica take place,
whether they occur during the initial decomposition of the parent rock
or whether they take place after the minerals have become a part of
the soil proper. It is also important to compare the various profiles
with respect to the dcgree to which the mica is altered. Differences
in alteration may be significant in characterizing different soils or
soil series.

The alteration of inica in the development of a soil profile might
he expected to be progressive; that is, a slight change in composition
i the imitial stages of rock weathering with a continuous loss of bases
and gain in water as weathering progressed would seem probable.
Evidence, however, on this subject can be obtained by comparing the
compositions of micas found in the different horizons of the soil
profiles.  Data for this comparison are given in Table 3.

In considering the alteration of mica in different horizons it is suffi-
cient to observe the potash and water contents of the samples. Tt
has been shown that these constitients exhibit marked changes in
percentage when either muscovite or biotite is altered and that the
percentages of the other variable constituents parallel the changes
In potash and water. The potash contents of mica from profiles
Nos. 1 to & and 17 to 21, inchisive, are so low that it is evident that
alteration has occurred in these profiles, although analyses of the origi-
nal fresh wica are available in but two instauces. Other samples
having a potash content near that of fresh mica are probably also
somewhat altered, since observation of the individual particles in
such samples showed the presence of altered material. (Table 6.)
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It can readily be seen that the micas isolated from different horizons
above the parent rock are all altered to about the same extent in any
one profile. Mica isolated from the lowest part of the C horizon
examined shows in each case as marked evidence of alteration as
mica occurring in the surface horizon. This is true even when the
lowest part of the C horizon consists of soft, only slightly disintegrated
rock, as in the case of profiles Nos. 1, 4, 12, and 16. Of course, it
can not be stated just where in every profile the most marked ehange
in composition of tho mica occurs, but the data of Table 3 indicate
that in most profiles this change takes place in the lower part of the
C horizon.

It should be pointed out that theso data which show an approxi-
mately constant composition of mica in different horizons were all
obtained on mica samples isolated from the soil material. Since the
samples contained only particles above silt size, all finer material
having been discarded in the process of isolation, the approximate
constaney in composition that has been pointed out properly applies
only to those mica particles in the horizons which were between 2 and
0.05 millimeters in diameter. Consideration of other data indicates,
Lowever, that a similar constancy in composition probably obtains
for the total mica in the hovizons. In the lower C horizons of pro-
files Nos. 2 and 8 to 12, inclusive, so little fine matcrial of any kind is
present that praetically all the mica in these horizons must have been
isolated; hence the compositions of these particular samples shown
in Table 3 must represent fairly closely the total mica in these hoxizons.
In other horizons where mineral partieles of silt size are relatively
abundant the compositions of the total mica would probably be some-
what different from the analyscs presented in Table 3, but not wmark-
edly so. Analyses given in Table 5 show that the silt-sized mica in
honizons Cy and (', of profile No. 8 eontain, respectively, 0.8 and 1.4
per cent K,0, and 15.1 and 15.9 per cent HgO. The isolated mica
samples from these horizons (Table 3) contained, respectively, 2.09
and 2.87 per cent 1,0 and 10.92 and 9.40 per cent H,O. The total
mica in these horizons would, therefore, contain potash and water
in amounts intermediate between the sets of values given above, the
exact values depending on the proportions of silt and sand sized mica
in the horizons. It is not unlikely that a similar order of difference
obtains between the isolated mica samples and the total mica in the
other soils. This difference would tend to make the total mica of
the horizon somewhat less eonstant in composition than appears in the
data of Table 3 ouly in cases in which the horizons showed variations
in proportions between silt and larger particles.

The approxiinate constancy in the composition of mica throughout
a profile does not mean that the mica after undergoing alteration in
the lower part of the soil profile 1s thereafter stable and consequently
resistant to further change in the upper horizons. It will be shown
that large losses of mica occur in the development of many soil pro-
files; hence the mica in the upper profiles must be undergoing further
alteration to clay or kaolin. These [acts in terms of the alteration
hypothesis previously developed would mean that in the transition
of hard to soft rock a certain portion of muscovite or biotite molecules
are altered to kaolinite material and that this ratio of museovite or
biotite molecules to kaolinite moleeules remains thereafter fairly con-
stant. That this ratio remains fairly constant above the lower C
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horizon, although losses in the material as a whole are taking place,
would mean that as a given quantity of muscovite or biotite passes
into kaolinite above the lower C horizon an approximately equal quan-
tity of kaolinite material passes into the elay or colloidal part of the
soil. The two rates of alteration, that of mica to kaolinite and that
of kaolinite to clay, must be approximately equal in all horizons of a
profile above the lower C, and in all profiles. In the lower C horizons,
however, the rate of alteration of mica to kaolinite must exceed that
of kaolinite to clay, since if it were here the same, mica in the upper
horizons would have the composition of fresh mica aecording to the
hypothesis. It is, of course, possible that in the lowest C horizon,
where the composition of the mica seems to be determined, the passage
of kaolinite to clay may not take place.

Although the 1nica within any one profile tends to be fairly eon-
stant in composition, there are, in some eases, wide differences
between the micas of different profiles. In profiles where museovite
predominates the potash content of the mica varies from 1 to 9 per
cent. On the other hand, there are no marked differcnces in the bio-
tite profiles, the mica in all cases containing about 4 per cent K.O.
Apparently, muscovite may be highly altered in some profiles but only
slightly altered in others, while biotite is altered fairly uniformly
in all profiles.

The six profiles (Nos. 1 to 6, inclusive, Table 3) in whieh the mica is
ehiefly biotite are of the related soil series, the Cecil, Porters, Ashe,
and Louisa. Wlhether biotite present in more diverse series would
also be altered to about 4 per cent potash can not, of course, be
definitely stated. However, in view of the similarity of the hiotite in
the A, B, and C lorizons, which represent very different degrees of
weathering, it would not be expected that biotite in other unrelated
soil series would be appreciably different from the biotites that have
been studied.

It is somiewhat surprising that muscovite should vary so much
more widely than biotite in degree of alteration. The marked varia-
bility of muscovite is evidently not due solely to the fact that the
profiles may have developed under widely different conditions.
Muscovites from different profile samples of the same soil series,
namely, the Cecil profiles Nos. 17 and 18 from Troup County, Ga.,
and Lulu, Ga., show greater differences in potash content than the
muscovites from such dissimilar series as the Durham, Manor,
Chester, Georgeville, and Madison. Sinee mica is altered to about
the same extent in the A, B, and C horizons, it is evident that the
explanation for these differences between profiles is to be sought in
changes which have occurred not in the developed soil horizons,
but in the transition of the parent roek into material eomposing the
lower part of the C horizon.

In accounting for the difference in the extent to which museovite
is altered in the lower C horizons, it might be sugeested that the
variability in alteration is due to differences in weathering con-
ditions obtaining in the lower C horizons of the several profiles.
This explanation, however, does not seem probable, since 1t is very
unlikely that conditions of weathering in the same climatie region
vary to any great extent in the zone of deeomposing rock. It seems
more probable that variability in alteration is to be ascribed to



ALTERATION OF MUSCOVITE AND BIOTITE IN THE SOIL 27

inherent differences in the mnature of thie parent rock, or, more
particularly, to differences in the nature of the muscovite plesont

It is, of course, generally recognized that there are two kinds
of muscovite, at least so far as origiu is concerned, primary musco-
vite and socoudmy muscovite (qoucltv) Clarke (3), Merrill (13),
Van Hise (16), and others consider that secondary muscovite is an
alteration product of the potash feldspars; but these writers do not
state that this alteration takes place under normal conditions of
atmospherie weathering, or whether secondary muscovite differs from
primary muscovite in readiness of alteration. However, investiga-
tions of china clays by Ilickling (10), Selle (15), and Gzllpln (7) indi-
cate that secondary muscovite may be formed in the atmospherie
weathering of granites to clays. Hickling’s work goes further in
indicating that the secondary muscovite thus formed ts much more
readily altered than the primary. He points out that in decom-
posing granite, feldspar is altered only as far as secondary muscovite,
In the further decomposition of the rock to china clay, however, the
secondary muscovite passes into kaolinite, while much of the primary
muscovite persists without obvious alter ation.

The presence in the lower C horizons of two kinds of muscovite
differing in their rates of alteration would satisfactorily account for
the wide differences observed between different profiles with respect
to the potash coutent of the muscovite present. Those profiles in
which muscovite has about the same potash content as the fresh
mineral would contain on this hypothesis chiefly primary muscovite,
since, according to IHickling, this form is slowly altered. Those
profiles in which the muscovite 1s very low in potash would contain
chietly secondary muscovite, which is readily altered. In the other
profiles the muscovite would be a mixture of the primary and
secondary forms.

Thus far the alteration of mica in different horizons and different
soil profiles has been considered only from the point of view of changes
in composition of the material. ILosses of mica, that is, the dis-
appearance of micaceous-appearing particles, are also of interest in
connection with soil studies. In throwing light on the development
of soil profiles in general, losses of mica between horizons are of
particular interest. Diflerences in the cowrse or magnitude of
losses in different profiles should also be considered as a possible
characteristic of individual profiles.

Losses of mica attending the development of soil profiles in general
are indicated by the permnmgcs of mica mn different horizons. It is,
of course, impossible to estumate exactly how much of the original
mica is lost in the development of the upper horizons from the parent
rock, since nothing is known regarding what quantities of other
minerals and of colloidal material may also have been lost.  But the
pereentages of mica in the horizons at least indicate greater losses of
mica than of other constituents. In subsequent discussion the term
“loss”” is used with this implication.

The quantitics of mica present in the soil horizons were estimated
petrographically. Colloidal material was removed as deseribed in a
previous publication of this bureau (8), and the mineral portion was
divided into coarse and fine fractions to factlitate the estimation.
The quantities of muscovite and biotite in the horizons are shown in
Table 12 as percentage of the soil material.



28 TECHNICAL BULLETIN 128, U. 8. DEPT. OF AGRICULTURE

TaBLE 12.—Percentages of micas present from various horizons of several soil
profiles
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The percentages of total mica indicate considerable losses of mica
between the lowest and the upperinost horizons in most profiles.
The loss of mica is especially marked between the upper C and the
B horizons, the transition from the B to the A horizon being accom-
panied by little further diminution in the percentage of total mica.
In 1nost profiles there is a progressive decrease in the percentage of
total mica from the lowest to the surface horizon; but in several
profiles, notably Nos. 3, 4, and 12, the percentage of mica increases
markedly in progressing from the lower to the upper C liorizon and
decreases again in the B horizon.

An obvious explanation for this increase of nica in the upper C
horizon is that the part of the parent rock from which this horizon
developed mayoriginally have contained inore mica than the main mass
of the rock which gave rise to the other horizons. A second explana-
tion for the apparent increase of total mica is that in this particular
horizon other ininerals may have been lost so much more rapidly
than mica that the percentage of mica is thereby increased. How-
ever, calculation of the miniinum losses of other minerals which would
be necessary to produce this increased percentage of inica showed
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that in several cases unreasonably large losses would be required.
For instance, in order that the percentage of total mica in profile
No. 4 be increased from 8 per cent of the C; horizon to 32 per cent
of the (Y horizon, 94 per cent of other silicate minerals and 79 per
cont of quartz would have to be lost.  Similar losses would be recquired
to explain the data of profile No. 3. Such losses are, of course,
unrcasonable, and the explanation on the Dbasis of heterogeneity
seems niore probable.

It seems peculiar that inereases in the quantity of mica should
oceur so frequently in one part of the profile, the upper C horizon,
1f the increases are due to heterogeneity of the parent rock, it might
be expeeted that they would oceur in the I3 and A horizons as well,
However, if the layer of parent rock from which the A and B horizons
were formed had Deen espeeially rich in mica, 1t is possible that this
heterogeneity miight not now be manifest in these horizons because
of extensive deconposition of miea. 1f these irregularities are attrib-
uted to variation in the parent rock, they are obviously not char-
acteristic of the series profile but are merely incidental to the par-
ticular location where the profile was sampled. However, some of
the data concerning quantitics of mica in the various horizons may
be taken as characteristic of series profiles.

As previously pointed out, the greater part of the mica present
in the upper ! horizon has been lost in the development of the B
and A horizons. In profiles Nos. 12 and 14 the loss of mica in the
transition from the C to the B3 horizon is much smaller. The sinaller
proportion of mica lost in profiles Nos. 12 and 14 may be attributed
to comparatively slicht weathering of the profite.  This is borne out
by the low colloidal content of these profiles. A high proportion of
mica lost may therefore be considered characteristic of highly
weathered soils such as the Cecil.

The proportions of muscovite to biotite in horizons of the different
profiles arc also of interest, since these data should indicate which of
the two micas is more resistant to decomposition under soil conditions.
The general view of geologists scems to be that of all minerals musco-
vite i1s one of the most resistant to weathering, whereas biotite is one
of the least resistant. Usually no distinetion is made between the
resistance of primary and secondary muscovite, although some geolo-
gists, Tlickling, for example, hold that secondary muscovite is more
readily decomposed than the primary form. These views, however,
were not based on quantitative estimations of mica in soil profiles.

The comparative rates at which muscovite and biotite have dis-
appeared in the different soil profiles are indicated by the data given
in the last column of Table 12. If the proportions of muscovite to
biotite (shown by “percentage of muscovite in total mica’) in the
lower horizons are compared with the proportions in the A or B hori-
zons, it will be seen that they are practically the same in all profiles,
except in Nos. I and 4. In these two profiles the quantities of both
muscovite and biotite in the A horizon are too small to be signifieant.
1t would scem, therefore, that muscovite and biotite disappear at
about the same rate in soils.

This conclusion is based on a comparison of the upper and lower
horizons only. In six profiles—Nos. 2,8, 12, 14, 16, and 20—the pro-
portion of muscovite to biotite remains fairly constant throughout
the profile, which suggests that the two micas disappear at about the
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same rate in all horizons of a soil profile. There are four profiles,
however—Nos. 1, 3, 4, and 17-—in which marked increases in the pro-
portion of muscovite to biotite oeeurs in the upper C horizon, while
the proportion in the A and B horizons tends to revert to that in the
lower C horizon.

This variation in proportion of the two micas that has been noted
can be explained on the ground of heterogeneity of the parent roek.
If this be the true explanation, it is sommewhat peculiar that the pro-
portion of muscovite should merease always in the same position in the
profile.

A second possible explanation is that secondary muscovite may have
been formed in the upper C horizon fromn alteration of the potash
feldspars. The fact that petrographic examination of profiles Nos.
3, 4, and 17 indicates large losses of feldspars between the lower and
upper C horizons is in harmony with this idea. If, as has been con-
eluded by others, secondary muscovite inay be formed m the decomn-
position of granitie rocks, it is not unreasonable to assume that it may
be formmed to somne exteut as the soil profile subsequently develops.
The present data, however, are merely suggestive of tlns possibility.

In the data given i Table 12 the primnary and secondary forms of
muscovite are not distinguished. In faet, 1t is not certain whether
both forms or only one form is present; although as has previously
been poiuted out, there are some grounds for assuining that muscovite
in profiles Nos. 12, 14, and 16 may be ehiefly primary and that in the
other profiles it may be at least partly secondary. The data indicate,
however, that whatever form of muscovite is present in the profiles
disappears about as rapidly as biotite. On the whole, the loss of
museovite and biotite between horizous seems to depend more on the
quantity than on the kind of miea present. It may well be that in
those profiles in which appreciable quantities of muscovite have been
lost this loss has been confined to the secondary form. In profiles
Nos. 12, 14, and 16, where the potash content indicates the presence of
primary muscovite (Table 3), a comparison of the upper and lower
horizons shows little loss of museovite. llowever, neither is biotite
lost 1 these profiles. 1t thus seeins from these data thiat at least one
form and possibly both forms of muscovite are about as readily deco-
posed In the soil as biotite. Furthermore, in so far as change in
eomposition is concerned, it has previously been pointed out that at
least one form of muscovite is, under soil conditions, just as highly
altered as biotite.

SUMMARY

This investigation is concerned with changes that take place in
muscovite and biotite during soil development. It deals with ehanges
in chemical composition of the two micas, their alteration products,
and the quantities lost in the development of different soil prefiles.
Inasmuch as the micaceous soils examined were all from the region of
the piedmont plateau, the results may not hold for all regions.

A satisfactory method for 1solating mica partieles from soil mate-
rial in quite pure condition is described. The data obtained com-
})rise eomplete and partial analyvses of 55 samples of mica isolated
rom one or more horzons of 21 soil profiles, petrographic estima-
tions of the proportions of nruseovite and biotite in the mica samples,
petrographie estimations of the total quantities of mica present in
the material of 39 horizons from 11 selected profiles, and determina-
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tions of the potash and water content of soil mica particles differing
in size and in optieal properties.

A comparison of the chemical eompositions of the isolated soil
micas with those of average fresh museovite and biotite shows that
the average soil muscovite differs from fresh museovite in being much
lower in potash and higher in water, and that the average soil biotite
differs from fresh biotite in containing higher pereentages of alumina,
silica, and water, lower pcreentages of magnesia, potash, and iron,
and in almost complete oxidation of iron. These diflerences are so
much greater than their probable errors that they are certainly not
due to chanee variation in random sampling; licnce they are attributed
to alteration.

All the mica particles in a given soil are not altered to the same
extent; the alteration is greater the smaller the particle and the less
distinct the interference figure.

Apparently ncither in the case of muscovite nor of biotite is the
alteration a simple replacement of basie elements by hydrogen.
Evidence is presented to show that muscovite and biotite tend to be
altered to a material of the eomposition of kaolinite, and it is sug-
gested that altercd particles of soil mica are isomorphous mixtures
of muscovite and biotite with kaolinite. The chemieal composition
of a particle would thus depend on the proportions of the two con-
stituents prescnt.

The mica of any one profile varies little in comnposition in horizons
above the lowest C horizon. Mica in the hard rock, however, may
have a quite different composition fromn that in the upper C or A
horizons.

The fact that the total quantities of mica in the different horizons
of a profile remain fairly constant in composition, while large losses
of mica may be taking place through alteration to elay material, is
explained in terms of the alteration hypothesis proposed. Aeeord-
ing to this hypothesis, a certain proportion of muscovite or biotite
molecules may be changed to kaolinite molecules in the lowest part
of the C horizon; this same proportion of the two eonstituents in
the total quantities of miea is then maintained in the upper horizons,
owing to a balance between the two changes, miea to kaolinite and
kaolinite to clay.

In all soil profiles biotite seems to be altered to about the same
extent, the potash content of the material usually approximating
4 per cent. Muscovite, on the other hand, in some profiles, may
contain less than 1 per cent I$,0 and in other profiles as high as 9 per
ecnt K;O. This variability is attributed to the possibility of two
forms of muscovite being present, primary and secondary, the
secondary form being more readily altered.

Considerable losses of miea occur in the development of most soil
profiles, the loss being cspecially marked between the upper C and
the lower B horizons. In some profiles, however, little loss of mica
1s indicated. Differences in the loss of miea are attributed to differ-
ences in the weathering of the profiles.

Muscovite and biotite do not differ appreeciably in the rates at
which they are decomposed in the soil, so far as can be judged from
the comparative quantities of muscovite and biotite present in
various horizons of 11 soil profiles. It is possible, however, that a
considerable part of the museovite lost is the secondary form.
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